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A new baenid, “Trinitichelys” maini sp. nov., and other fossil
turtles from the Upper Cretaceous Arlington Archosaur Site
(Woodbine Formation, Cenomanian), Texas, USA

Brent Adrian, Heather F. Smith, Christopher R. Noto, and Aryeh Grossman

ABSTRACT

The Arlington Archosaur Site (AAS) is a Cenomanian (93-99 Mya) fossil locality in
the Woodbine Formation of Texas. Woodbine deposits form primarily terrigenous near
shore and shallow marine depositional systems, including shelf, deltaic, and fluvial
environments. The AAS is the oldest Upper Cretaceous unit in the Gulf Coastal Plain,
and the most complete fossil ecosystem discovered in southwestern Appalachia. It
preserves a freshwater/brackish wetland situated in a low-lying coastal plain. The site
contains diverse fossil vertebrate and invertebrate faunas and abundant carbonized
plant material. The taphonomy of the site is complex, frequently resulting in fragmen-
tary specimens due to a mixture of environmental transport, biological accumulation,
pervasive crocodyliform predation, massive storms, wildfires, and widespread flooding
events. Numerous new reptilian taxa (particularly crocodyliform) have been recently
described, but turtles from the site have not been taxonomically identified. This study
documents fossil shell material of AAS turtles, most of which were previously unknown
from the site. Results include a new baenid species, “Trinitichelys” maini sp. nov.,
numerous elements of the helochelydrid Naomichelys, a small trionychid, and a both-
remydid. Insights from the turtle faunas at the AAS contribute to our growing under-
standing of the coastal ecosystems of southwestern Appalachia at the beginning of the
Upper Cretaceous.
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INTRODUCTION

The Woodbine Formation [Fm] (lower middle
Cenomanian) (Figure 1) is the oldest known Lower
Cretaceous unit in the Gulf Coastal Plain, with
exposures from Temple in central Texas to Lake
Texoma in southern Oklahoma (Figure 1.2) (Hed-
lund, 1966; Dodge, 1969; Oliver, 1971; Johnson,
1974; Trudel, 1994; Noto, 2015; Adams et al.,
2017). The formation sits unconformably between
the older Grayson Marl of the Washita Group and
the younger Eagle Ford Group [Gp] (Figures 1.1-2,
2) (Oliver, 1971; Johnson, 1974; Noto, 2015). A
period of marine deposition of at least 10 million
years separates the Woodbine Fm from earlier ter-
restrial depositional systems characterizing the
Lower Cretaceous Trinity Gp (Figure 1.1-2) (Win-
kler et al., 1995). General estimates indicate that
the total Cretaceous section in north and central
Texas includes a mostly complete interval from the
Aptian (119 Ma) through the Cretaceous-Paleo-
gene (K—Pg) boundary (Winkler et al., 1995;
Denne et al., 2014). Ammonite biostratigraphy has
established a minimum age of 95-96 Ma for the
Upper Woodbine and Tarrant Fms of the lower
Eagle Ford Gp, based on the presence of Con-
linoceras tarrantense, a zonal marker for the base

of the middle Cenomanian (Figure 1.1-2) (Kennedy
and Cobban, 1990; Lee, 1997; Jacobs and Win-
kler, 1998; Noto, 2015; Adams et al., 2017). Except
for the terrestrial facies of the Woodbine Fm, the
Cretaceous rocks in central Texas are primarily
marine after the mid-Albian (105 Ma) (Winkler et
al., 1995). The Woodbine Fm. has produced plants
(MacNeal, 1958; Dilcher and Crane, 1984), mam-
mals (Krause and Baird, 1979), dinosaur teeth and
tracks, crocodyliforms (Adams et al., 2011, 2017;
Noto et al., 2019), turtles (Main, 2005; Noto et al.,
2012; Main et al., 2013), invertebrates (Stephen-
son and Stenzel, 1952), and abundant fishes
(McNulty and Slaughter, 1962). Here we present
the first comprehensive description of the fossil tur-
tles from the Arlington Archosaur Site (AAS) of the
Woodbine Fm (Figure 1).

MATERIALS AND METHODS

Fossil specimens were collected and pre-
pared by researchers, staff, and volunteers of the
Perot Museum of Nature and Science. Specimens
were measured with 6" Mitutoyo Absolute
Digimatic calipers to the nearest 0.01 mm and
rounded to the nearest 0.1 mm. Some distances
and angles were measured from high quality digital
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FIGURE 1. Location and geologic setting of the Arlington Archosaur Site (AAS marked with star). 1, Stratigraphic col-
umn and selected ages of Cretaceous rock units in north-central Texas. Terrestrial deposits are marked by stippled
regions. Modified from Winkler et al. (1989) and Jacobs et al. (2013); 2, Generalized map of geologic units in the Fort
Worth Basin; 3, Composite stratigraphic section of AAS (modified after Noto, 2015); 4, Inset map showing approxi-
mate location of the AAS in relation to the southern WIS (modified after Barnes et al., 1972 and Strganac, 2015).
Approximate WIS shorelines during the Cenomanian are dotted (after Blakey, 2014).
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photographs using ImageJ (Rasband, 1997-2018).
A phylogenetic analysis was conducted by coding
the AAS baenid for the characters present in the
matrix from Lyson et al. (2016). Using TNT 1.5
(Goboloff et al., 2016), we used the Traditional
Search algorithm using 1000 Wagner tree repli-
cates and a TBR cycle. A 50% majority rule con-
sensus tree was used to visualize the consensus
topology among the minimum length trees. We
apply the taxonomic scheme of turtles presented
by Joyce (2007, 2017) unless otherwise specified.
Also, family ranks are not used in accordance with
PhyloCode guidelines (e.g., Laurin et al., 2005).
Abbreviations. DMNH = Perot Museum of Nature
and Science (formerly the Dallas Museum of Pale-
ontology), Dallas, Texas, USA; Ab = abdominal
scute; An = anal scute; ¢ = costal; Ce = cervical
scute; ent = entoplastron; epi = epiplastron; Ex =
extragular scute; Fe = femoral scute; Gu = gular
scute; Hu = humeral scute; hyo = hyoplastron;
hypo = hypoplastron; Im = inframarginal scute; n =
neural; nu = nuchal; p = peripheral; Pe =pectoral
scute; PI = pleural scute; mes = mesoplatron; Ma =
marginal scute; Ve = Vertebral scute; xi = xiphip-
lastron.

GEOLOGICAL SETTING

The four lithologic units designated by Dodge
(1969), from oldest to youngest in the Woodbine
are the Rush Creek, Dexter, Lewisville, and Arling-
ton Members [Mbrs] (Main, 2005; Adams et al.,
2017) (Figure 1.1). The Arlington Archosaur Site
(AAS) is deposited in the lower to middle strata of
the Lewisville Mbr. The AAS represents a diverse
coastal community that inhabited a lower delta
plain created during a regression of the southeast-
ern margin of the Western Interior Seaway (WIS)
(Figure 1.4) (Stephenson and Stenzel, 1952; Oli-
ver, 1971; Main, 2005; Adams and Carr, 2010).
The fossil-bearing exposures are organically rich
and contain abundant arenaceous foraminifers,
mollusks, and ammonites (Figure 1.3) (Kennedy
and Cobban, 1990; Trudel, 1994; Noto, 2015).
Strata are dominated by blue-gray to black, finely
laminated to massive-bedded mud and shale inter-
spersed with glauconitic sandstone lenses (Figure
1.3) (Oliver, 1971; Trudel, 1994; Main, 2005; Noto,
2015). The basal sandstone and lignite deposits
recognized by Berquist (1949) are also now
included in the Lewisville Mbr (Dodge, 1969; Tru-
del, 1994; Main, 2005).

Facies A comprises the primary and most pro-
ductive fossil quarry at the AAS, and has yielded
the specimens presented here and elsewhere (Fig-
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ure 1.3; Adams et al., 2011, 2017; Noto et al.,
2012, 2019). The geology and stratigraphy of the
Woodbine Fm have been described recently for a
diverse crocodyliform fauna (see Adams et al.,
2017 and Noto et al., 2019). Sedimentological,
paleobotanical, and microvertebrate evidence indi-
cates the AAS was an intermittently inundated
delta plain environment (Bennett et al., 2011). Col-
lection efforts involved quarrying crocodilians and
the ornithopod dinosaur ?Protohadros. The AAS
preserves, in ascending order: a peat bed repre-
senting a low growth understory; a vertebrate-rich
mudstone; a paleosol (histic gleysol) with a heavily
rooted zone containing calcareous concretions
associated with burned logs and tree stumps, indi-
cating seasonal dryness and wildfires; and a fossil
rich siderite sand transgressive lag (Bennett et al.,
2011). Additional turtle material is currently being
prepared at the Perot Museum and will be
described in future work. Numerous crocodilian
teeth (Woodbinesuchus sp.) are present through-
out the section and are common in the basal peat
layer. Ornithopod teeth attributed to ?Protohadros
are present in the bone producing mudstone-
paleosol horizon, but are rare in the basal peat bed
and overlying lag deposits. Intensive surface col-
lecting and screen washing began in 2009, reveal-
ing a diverse microfauna, including
chondrichthyans (an indeterminant hybodont, Cre-
fodus, Pseudohypolophus, and Onchopristis), the
semionotiform Lepidotes, an indeterminate pycno-
dont, the tetraodontiform Stephanodus, and the
lungfish Ceratodus carteri (Bennett et al., 2011;
Main et al., 2011).

SYSTEMATIC PALAEONTOLOGY

TRINITICHELYS Gaffney, 1972

Type species. Trinitichelys hiatti Gaffney, 1972.
Remarks. For a recent review of baenid phylog-
eny, please refer to Joyce and Lyson (2015) and
Lyson et al. (2016).

“Trinitichelys” maini sp. nov.
zoobank.org/2EC76641-C480-40F5-9CE0-EESA5A0AAC2F
v. 2012 Noto, Main, and Drumheller, figs. 2, 4A.

Figures 2-3
Holotype. DMNH 2013-07-0712, an anterior lobe
of a plastron (Figure 3.1-4). This specimen was
selected as the type because it shows diagnostic
characters distinct from the known morphology of

the basal baenids T. hiatti and Neurankylus. All
additional baenid material from the AAS is referred
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FIGURE 2. Carapace of “Trinitichelys” maini, sp. nov. DMNH 2013-07-0784, co-ossified partial carapace, with the
anterior portion in 1-2, dorsal view, the associated co-ossified posterior carapace in 4-5 dorsal, and 5-6, ventral views.
3(A-H): DMNH 2013-07-0499, an isolated p1 in 3A-B dorsal, and 3C-D ventral views. Red line indicates possible tooth
mark. DMNH 2013-07-1711, an isolated nu in 3E-F dorsal, and 3G-H, ventral views. Note scale bar for 3A-H is 10 mm,

half the size of scale bar for DMNH 2013-07-0784.

to “T.” maini sp. nov. based on similarity in shell
sculpturing and associated co-ossification.
Etymology. In honor of the late Dr. Derek Main, for
his vision and dedicated study and management of
the AAS fossil collections.

Type strata and locality. Upper Cretaceous
(Cenomanian) Woodbine Formation (Figure 1).
The Arlington Archosaur Site, city of Arlington, Tar-
rant County, Texas. Exact locality data are on file at
the Perot Museum of Nature and Science, Dallas,
Texas.

Referred Material. DMNH 2013-07-0784, co-ossi-
fied partial anterior carapace and associated co-
ossified posterior carapace (Figure 2.1-2, 2.4-6);
DMNH 2013-07-0499, isolated p1 (Figure 2.3A-H);
DMNH 2013-07-1711, an isolated nu (Figure 2.3E-
H); DMNH 2013-07-0696 and -0704, left co-ossi-
fied bridge series; DMNH 2013-07-0873, right co-
ossified bridge series (Figure 3.9-12); DMNH 2013-
07-1703, isolated mes (Figure 3.13-17); DMNH
2013-07-1717, isolated xi (cf. juvenile) (Figure
3.18-3.21).

Diagnosis. Basal baenid, as indicated by similarly-
sized Gu and Ex, a mostly co-ossified shell, and
robust bridge peripherals. Tentatively included in
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“Trinitichelys” based on shared paired intergular
scutes, absent fenestra, and a rectangular cervical
scute. Medial contact of Ex differentiates this taxon
from T. hiatti and Neurankylus. This character
alone differentiates the AAS baenid from the lim-
ited material known for T. hiatti. However, addi-
tional shell, cranial, and postcranial material is
currently being prepared and new diagnostic char-
acters will warrant either the erection of a new
genus or more definitive inclusion in Trinitichelys.
“Trinitichelys” maini sp. nov. is thus placed in “Trini-
tichelys” as a derived turtle relative to T. hiatti, but
lacks the set of derived characters that diagnose
Baenodda. No midline contact of the Ex is the
derived condition found in Plesiobaena, Palato-
baena, Stygiochelys, Baena, and Chisternon. Ex-
Gu sulci curved, unlike Dinochelys, T. hiatti, N.
baueri, and N. lithographicus. It is also diagnosed
by its lack of epiplastral processes and a single
undivided Ce that is taller than wide, as in T. hiatti,
N. eximius, and N. notos. Fenestrae absent, as in
T. hiatti, N. eximius, Boremys, and P. brinkman, but
unlike Plesiobaena antiqua and Palatobaena
cohen (Joyce and Lyson, 2015). It has a femoro-
anal sulcus that is relatively straight, rather than



omega-shaped, which is found in more derived
baenodds (Joyce and Lyson, 2015; Lyson et al.,
2016).

Description

Carapace (Figure 2). DMNH 2013-07-0784 is a
co-ossified partial anterior carapace (Figure 2.1-2,
4-7). The dorsal side of the specimen is badly con-
torted and crushed, and the left anterior carapace
is collapsed ventrally. The entire surface of the car-
apace is covered in a dimpled pattern of shallow
depressions (~2 mm diameter) with rounded, irreg-
ular polygons between them. Sulci are thin (<1
mm) and slightly deeper than the surface indenta-
tions (Figure 2.1, 4). The Ce is wider than long, and
its lateral edges converge anteriorly. Additional iso-
lated specimens are described below to clarify
some scute and bone arrangements that are
obscured by co-ossification in DMNH 2013-07-
0784 (Figure 2.1-2, 4-6).

DMNH 2013-07-0499 is a left p1 with a gener-
ally thin, flat cross-section typical of the posterior
shell (Figure 2.3A-D). The dorsal surface is orna-
mented with irregular, vermicular grooves between
low, parallel ridges dorsally, and a fine network of
short interwoven grooves ventrally. The dorsal
grooves are mostly parallel with the intercostal
sutures within a single scute, and transition to
become parallel with the free peripheral edges
(Figure 2.1-2, 3E-F). Inter- and pleuro-marginal
sulci divide the dorsal surface unequally between
Ma5-6 and PI1-2 (Figure 2.3B). The sulci are thin
(21 mm), deeper than the sinuous netting of dorsal
grooves, and do not have raised edges. From a
ventral view, the bone is thickest in a wedge-
shaped portion of the peripheral, which narrows to
a point anteriorly (Figure 2.3C-D). The surface tex-
ture and intermarginal sulcus wrap around the free
edge onto the bone’s ventral aspect (Figure 2.3C-
D).

DMNH 2013-07-1711 is a tectangular nu
whose anterior and posterior edges have a similar
width, and a rounded free margin (Figure 2.3E-H).
The bone’s posterior margin is comprised of
sutural crenulations, but lacks the distinctive costi-
form processes of kinosternoids or chelydrids. lts
anterior edge is narrower than the posterior, and a
vertebro-marginal sulcus travels posterolaterally
from the rear corners of the Ce. Nuchals from sev-
eral individuals of “T.” maini sp. nov. demonstrate
slight variation, but all have Ce that are rectangu-
lar, wider than long, and wider posteriorly than
anteriorly (Figure 2.3E-F). Sulci are thinner than 1
mm, flat on the bottom, and the edges are not
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raised (Figure 2.3E-F). The sculpture of the dorsal
surface is composed of parallel longitudinal stria-
tions in its posterior half. The anterior half is cov-
ered by an irregular arrangement of small
indentations between rounded crenulations (Figure
2.3E-F). The ventral surface is smooth and a thin
hemispherical shelf of superficial bone forms the
posterior border of the concavity at the midline
(Figure 2.3G-H). The bone is thickest along a
rounded, slightly upturned rim that is ~10 mm wide
along the free margin. Cervical articulation with the
ventral nu is lacking. The vertebral scutes are gen-
erally rectangular and wider than long; however, a
complete Ve3d is not present. Pleural scutes are
roughly equal in length and width.
Plastron (Figure 3). DMNH 2013-07-0712 consti-
tutes the type specimen for “Trintichelys” maini sp.
nov., an anterior plastral lobe that includes the
bilateral Gu and Ex, partial bilateral Hu, and partial
Pe (Figure 3.1-4). It preserves the midline contact
of the Ex, known from more derived baenodds, but
not in T. hiatti. The plastral lobe has a similarly sub-
triangular shape in T. hiatti and “T.” maini sp. nov.,
unlike the squared profile of neurankylids (Gaffney,
1972; Joyce and Lyson, 2015; Lyson et al., 2016).
The anterior border of the plastron is convex with a
narrow gutter along the dorsal aspect of its anterior
edge. All the bones of the anterior plastral lobe
(epi, ento, and hyo) are co-ossified with no visible
sutures, and the entire lobe is thin medially and
posteriorly (Figure 3.1-4). The plate reaches a min-
imum thickness of ~3 mm at the midline. Ventral
surface texture consists of short, curved, irregular
grooves (Figure 3.1). Sulci are thin (~0.5 mm) and
incised slightly deeper than the surrounding vascu-
lar grooves. The Hu-Ex sulci curve anterolaterally
at 50° and the curved Gu-Ex sulci project 10°
anterolaterally from horizontal (Figure 3.1-2). The
Pe-Hu sulcus is partially intact on the left, coursing
laterally and slightly anteriorly from the midline
toward the free edge of the plastron (Figure 3.1-2).
DMNH 2013-07-0704 and DMNH 2013-07-
0696 are two continuous elements from a partial
left bridge, including portions of Ma3-8 and all four
Im (Figure 3.5-3.6). The two elements have a gap
between them, and the bone is significantly col-
lapsed medially, especially away from the heavy,
thick shell periphery. The shell margin is rounded
and not uniformly curved, and becomes more
angular near the posterior edges of Ma4 and 7
(Figure 3.5-6). Dorsal surface sculpture is a dense
pattern of thin overlapping vermiform grooves. The
marginal-intermarginal and interpleural sulci are
thin and have no raised edges. The lateral edge of
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FIGURE 3. “Trinitichelys” maini sp. nov. plastral elements; red lines indicate possible tooth marks. DMNH 2013-07-
0712, type specimen for “T”” maini sp. nov., an anterior plastral lobe, in 1-2, ventral, and 3-4, dorsal views. Please note
midline contact between extragular scutes. DMNH 2013-07-0696 and -0704, left co-ossified bridge series, in 5-6, ven-
trolateral, and 7-8, dorsal views. DMNH 2013-07-0783, right co-ossified bridge series in 9-10, ventrolateral, and 11-12,
dorsal views. DMNH 2013-07-1703, isolated mesoplastron in 13-14, dorsal, 15-16, ventral, and 17, posterior views.
DMNH 2013-07-1708, isolated xiphiplastron from likely juvenile in 18-19, ventral, and 20-21, dorsal views. Red out-
lines in line drawings indicate edges of taphonomic traces.
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the bridge is rounded, transitioning from thick and
obtuse anteriorly (~70° from horizontal) to thin and
acute posteriorly (Figure 3.5-6). The bone surface
has clear evidence of bite marks and tooth scores
(Figure 3.5-6) (Noto et al., 2012). Another speci-
men, DMNH 2013-07-0783 (Figure 3.9-12), retains
an additional portion of the bridge which preserves
Ma3-7.

DMNH 2013-07-1703 is a right Mes that is
trapezoidal in shape and reaches a maximum
length of 67.3 mm and width of 118.3 mm (Figure
3.13-17). An intersection of dorsal sulci is located
just medial to a longitudinal break where the plate
bends ventrally (Figure 3.17). Sulci separate the
dorsal surface between the Pe, Ab, and Im2-3 (Fig-
ure 3.13-14). The sulcus between Pe and Ab is
slightly curved along the medial third of the proxi-
mal third of the dorsal surface (Figure 3.13-14).
Sulci are approximately 1 mm wide and flat at the
edges, where they are incised through orthogonal
ridges along the anterior and posterior Ic sutures.
Small channels divide the center of the dorsal sur-
face into an increasingly short and compact mesh
of raised, rounded polygons (Figure 3.13). The dor-
sal surface is quite smooth in comparison, and the
only non-taphonomic marks are associated with
scattered patterns of foramina directly opposite the
most compact portion of ventral sculpture (Figure
3.13). Very fine striations converge toward the
same nexus at the plane break described above
(Figure 3.17). The flat, medial suture suggests two
mesoplastra that share a median contact.

DMNH 2013-07-1708 is a complete right xi
that is fractured posterior to the pubic scar (Figure
3.18-21). Coarsely serrated edges contribute to
sutures with the hyo anteriorly and the left xi medi-
ally (Figure 3.18-21). The prominence of the
sutures, lack of co-ossification, and small size sug-
gest that the xiphiplastron (DMNH 2013-07-1708)
belonged to a juvenile. The Fe-An sulcus is thin (~1
mm wide) and crosses the anterior quarter of the
bone’s ventral surface obliquely (Figure 3.18). The
suture is relatively straight, and does not cross the
hyp-xi suture, unlike the transgressive, omega-
shaped sulcus in derived Baenodda (Joyce and
Lyson, 2015; Lyson et al., 2016). Ventral surface
ornamentation forms a reticulated pattern of sub-
parallel, overlapping grooves, each approximately
10 mm long. Additional striations run perpendicular
to the bone’s medial and anterior edges in bands
and overlap to form a network of short, gently sinu-
ous grooves. These surround irregular, rhomboidal
tubercles that become smaller and increasingly
compact near the plate’s lateral boundary. Nearly
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all the ventral surface striations converge just pos-
terior to the Fe-An scute (Figure 3.18). This area
corresponds to a ventral process on the dorsal
xiphiplastron that is associated with a pelvic con-
nection, where another convergence of faint stria-
tions occurs across the otherwise smooth surface
(Figure 3.20). The ventral prominence forms a
raised, posteriorly-directed triangle 22.4 mm long,
5.2 mm wide. This process is associated with a
pelvic articulation, and is much reduced compared
to the homologous structure in Pleurodira. This
indicates a less rigid adherence of the axial and
appendicular bones in Baenidae than Pleurodira
certainly, but also a reduction compared to DMNH
2013-07-1717, Naomichelys sp. Otherwise, the
xiphiplastron has a subtle V-shaped anal notch.

Remarks. Baenidae is endemic to North America
and became distinct from other Jurassic North
American turtles (i.e., pleurosternids) in the Lower
Cretaceous. Baenids remained restricted to North
America, where they reached peak diversity after
the Cenomanian, primarily along the eastern coast
of Laramidia (Hutchison and Archibald, 1986;
Hirayama et al., 2000; Hutchison, 2000; Joyce and
Lyson, 2015; Joyce et al.,, 2016b; Lyson et al.,
2016; Smith et al., 2017; Avrahami et al., 2018).
Baenids are closely related to other primitive fresh-
water paracryptodires (i.e., Pleurosternidae, Com-
psemydidae) that ranged across Laurasia
beginning in the Jurassic (Pérez-Garcia et al.,
2015; Joyce et al., 2016b). Heavy shells with fre-
quent co-ossification and a preference for riverine
habitats all contribute to a robust baenid fossil
record (Hutchison, 1984; Lyson and Joyce, 2009;
Joyce and Lyson, 2015; Lyson et al., 2016). Specif-
ically, fine- to coarse-grained channel sandstone
accounts for nearly all deposits from which rela-
tively complete (250% of the shell) baenid shells
have been recovered (Hutchison, 1980; Hutchison,
1984; Hutchison and Archibald, 1986). Baenids
typically have moderately-domed hydrodynamic
shells that form a teardrop shape in lateral view
and a relatively large plastron which protects much
of the shell from below (Joyce and Lyson, 2015).
This study considers the new baenid in the context
of known riverine taxa (Hutchison and Archibald,
1986; Lyson et al., 2016).

Baenids are conspicuously absent from Arctic
regions (West and Dawson, 1977; Brinkman and
Tarduno, 2005), suggesting that distribution may
have been constrained by lower temperatures
(Joyce and Lyson, 2015). Thus, baenids did not uti-
lize Arctic routes for intercontinental dispersal
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during the Cretaceous and Paleogene, unlike sev-
eral other turtle families (Joyce and Lyson, 2015;
Joyce et al., 2016b). The Western Interior Seaway
[WIS] also limited baenid distribution by dividing
North America into eastern Appalachian and west-
ern Laramidian components (Joyce and Lyson,
2015). A previously described hiatus of recovered
fossil baenids from Cenomanian to Santonian
deposits (Joyce and Lyson, 2015; Lyson et al.,
2016) may be explained by recurring cyclothems
(alternating transgressive/regressive phases) of
the WIS. Pre-Woodbine deposits have been sub-
stantially eroded east of the Comanche Shelf (see
previous work by Scott, 2003, 2016). Vast river
drainages in southern Appalachia after the Ceno-
manian have also significantly obscured many
older terrestrial strata via extensive erosion
(Schwimmer et al., 1993; Cumbaa et al., 2010). In
any case, the dinosaur fossil record indicates that
Appalachia was dominated by relict forms isolated
by the WIS, and the evolution of Appalachian forms
is poorly understood (Brownstein, 2018). Evolu-
tionary relationships of Laramidian and Appala-
chian baenids are mostly unresolved, but baenids
only became diverse in Laramidia. The Woodbine
Fm represents the earliest known Upper Creta-
ceous faunas from Appalachia (Adams et al., 2017;
Noto et al., 2019). “T”. maini is currently the only
known Late Cretaceous baenid from Appalachia.
Additional shell, cranial, and postcranial material is
currently being prepared and will likely provide
important additional information on baenid turtles in
the middle of the Cretaceous.

TESTUDINATA Klein, 1760
HELOCHELYDRIDAE Nopska, 1928
NAOMICHELYS Hay, 1908
Naomichelys sp.

Noto, Main, and Drumheller, figs.4B-E, 6.
Figures 4-6

v. 2012

Type species. Naomichelys speciosa Hay, 1908.
Definite or tentatively helochelydrids have been
widely referred from abundant fragmentary mate-
rial, largely identified solely based on texture.
Please see a recent review of the clade by Joyce
(2017).

Material. DMNH 2013-07-1715, nu (Figure 4.1-8);
DMNH 2013-07-0530, left c1 (Figure 4.5-4.8);
DMNH 2013-07-0543, partial left ¢3 (Figure 4.9-
4.12); DMNH 2013-07-0559, left c7 (Figure 4.13-
16); DMNH 2013-07-0706, cf. n4 (Figure 4.17-20);
DMNH 2013-07-0770, right partial n7/8 (Figure
4.21-24); DMNH 2013-07-0570, pygal (Figure
4.25-28); DMNH 2013-07-0711, right hyoplastron
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and Im 2 (Figure 5.1-4); DMNH 2013-07-0511, left
hyoplastron (Figure 5.5-8); DMNH 2013-07-1717,
right xiphiplastron (Figure 5.9-12); DMNH 2013-07-
0603, partial mesoplastron (Figure 5.13-16).

Description

Carapace (Figure 4). DMNH 2013-07-1715 is a
complete nu that has complex fractures near the
midline (Figure 4.1-4). Its thickness decreases
sharply from 30.0 mm at the free anterior edge to
6.8 mm at the posterior midline. The width of the nu
is approximately twice the length, and there is no
clear definition of the Ce (Figure 4.1). The visceral
surface near the midline has no indication of cervi-
cal articulation. The external carapace surface is
covered with the remnants of a repeating pattern of
pustules. When broken, these leave shallow,
sometimes coalesced circular pits with variable
spacing (Figure 6) (Joyce et al., 2014). The free
edge of the nu is rounded cranially and deeply con-
cave (~20 mm), with a raised, 11.1 mm wide gutter
along its dorsal free edge (Figure 4.1-4). The
remaining edges have large, distinct peg-like artic-
ulations with p1 laterally, c1 posterolaterally, and
n1 posteriorly. Differs from Helochelys danubina by
having a deeper nu emargination and a shallow
Ce. There is a dorsal sulcus between Ma1 and
Ve1, which bifurcates at each lateral end to meet
the bone on either side of the lateralmost points.
The lateral articular surface shared with p1 is
folded posteriorly onto itself and angled medially to
form a wedge-shaped ledge set between the dor-
sal and ventral portions of the suture. There is a
shallow (~10 mm wide) channel that travels toward
the midline along the rounded anterior free edge.
This is associated with a fused nu/cleithra complex
that is apparent in some stem turtles (Figure 4.3-4)
(Lyson et al., 2013; Joyce et al., 2014), rather than
the more robust costiform processes known in
some taxa.

DMNH 2013-07-0530 is a left c1 that includes
sulci between Ve1-2, and between the vertebral
scutes and p11 laterally (Figure 4.5-8). The sulci
are thin and deeply impressed with raised edges.
There is no evidence of the supernumerary scute
described in N. speciosa (Joyce et al., 2014). How-
ever, the dorsal surface is covered with small, reg-
ularly-spaced pits that correspond to the surface of
N. speciosa with mostly dislocated tubercles
(Joyce et al., 2014). Near its anterior and posterior
sutures, there is a series of fine parallel striations
perpendicular to the sutures. There are stacked
terraces of bone, which are raised along growth
margins, as in N. speciosa (Joyce et al., 2014). C1
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FIGURE 4. Isolated carapace elements of Naomichelys sp. DMNH 2013-07-1715, nu, in 1-2, dorsal, and 3-4, ventral
views. DMNH 2013-07-0530, left c1, in 5-6, dorsal, and 7-8, ventral views; DMNH 2013-07-0543, partial left cf. c3 in 9-
10, dorsal, and 11-12, ventral views. DMNH 2013-07-0559, left c¢7, in 13-14, dorsal, and 15-16, ventral views. DMNH
2013-07-0706, cf. n4, in 17-18, dorsal, and 19-20, ventral views. DMNH 2013-07-0770, a medial right partial n7/8 in
21-22, dorsal, and 23-24, ventral views. DMNH 2013-07-0570, pygal, in 25-26, dorsal, and 27-28, ventral views. Red
outlines in line drawings indicate edges of taphonomic traces.

articulates medially with n1, the nu anteromedially,
c2 posteriorly, and p1-3 anteriorly and laterally
(Figure 4.5). The raised and flattened second tho-
racic rib (tr 2) protrudes from the visceral surface
and reaches a length 22.0 mm. The rib head is bro-
ken posteriorly, and its medial end curves ventrally.
The rib widens into a flat articular surface as it
extends past a set of parallel ventral ripples (Figure
4.7).

DMNH 2013-07-0543 is the lateral half of the
left c3 (Figure 4.9-12). It is broken lateral to the
intersection of the costo-vertebral and interverte-
bral sulci. A rib end protrudes slightly beyond the
thinner lateral edge of the bone, and the dorsal sur-
face is terraced approaching the edge. The dorsal
surface pits are irregularly spaced and are more
numerous and distinct laterally (Figure 4.9). A
raised, flattened rib travels along the middle of the
ventral surface of the bone, reaching 29.5 mm
wide, with a missing distal tip (Figure 4.11).

DMNH 2013-07-0559 is a left c¢7 that is miss-
ing a quadrangular portion of its anterior edge (Fig-
ure 4.13-16). It is nearly uniform in width (~50 mm)
but widens laterally and has a rounded posterome-
dial projection (Figure 4.13-16). The flattened rib
occupies much of the ventral surface, reaching
25.0 mm wide, and protrudes ~5 mm past the pos-
terior margin.

The rib head is small and broken flush with
the bone surface (Figure 4.15-16). There is a
rough, semielliptical concavity just posterior to it. In
general, dorsal sulci are less than 1 mm thick, and
the pitted ornamentation is smaller and more
closely arranged along the medial and lateral
edges. There are bands of short, parallel striations
near the midline, and at least three shallow ellipti-
cal troughs are located on the dorsal surface (Fig-
ure 4.13-14). Similar marks were interpreted as
scores from crocodyliform teeth, as described
above (Noto et al., 2012). Most AAS turtle speci-
mens show multiple tooth marks, which may occur
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singularly or serially (Noto et al., 2012). Of the
numerous fossils collected at the AAS, only a rela-
tively small proportion of turtle shell elements sur-
veyed had definitive crocodyliform tooth marks,
and further study may elucidate detailed faunal
relationships.

DMNH 2013-07-0706 is a rounded, octagonal
neural (Figure 4.17-20). It has a single scar that
articulated with the vertebral arch of a correspond-
ing vertebra (Figure 4.19-20). It is most likely a
fourth neural based on the absence of a transverse
intervertebral sulcus and a generally rounded rect-
angular shape and relatively small size (Joyce et
al., 2014). Naomichelys speciosa has a low keel on
the dorsal surface of n2, and from n5 through the
n7/8 (Joyce et al., 2014). However, a keel is absent
in the AAS Naomichelys material, and only fine
short ridges along and between parallel rows of
tiny pits. A cluster of shallow concavities approxi-
mately 20 mm wide and 10 mm long is along the
bone’s anterior edge (Figure 4.18). These crushed
excavations are interpreted as crocodyliform tooth
marks, whose round and smooth edges are distinct
from other predators (Njau and Blumenschine,
2006; Noto et al., 2012).

DMNH 2013-07-0770 is the medial portion of
n7/8 (Figure 4.21-24). It forms an irregularly
shaped polyhedron that is longer than wide,
becoming thicker medially to a maximum of 28.5
mm. The edges are broken except for a moderately
serrated posterior edge, and a pair of 8-10 mm
diameter elliptical sockets is located along the pos-
terior face (Figure 4.23-24). These may have been
sockets that received corresponding articular pegs
from c8. The broken edge of the fused neurals
reveals a dense exterior cortical layer approxi-
mately 3-4 mm thick and a generally subequal
internal cortical surface (Figure 4.21-22). The sul-
cus between Ve4-5 is uniform, has no raised
edges, and is approximately 1 mm thick. The sul-
cus is constrained to c7, differing from N. speciosa,
in which the sulcus traverses and returns across
the suture articulating c7-8. It curves gently across
the dorsal surface, traveling between its posterolat-
eral and anteromedial corners (Figure 4.21-22).
The dorsal ornamentation forms a *“chainlink”
arrangement of densely arranged elliptical pits 1-2
mm in diameter, which are separated by thin,
rounded ridges (Figure 4.21). Pits are most distinct
along a band parallel to the sulcus, but a similar,
less distinct texture is present near the posterolat-
eral corner of the ventral bone surface. The ventral
surface is convex and the bone becomes thicker in
a broad, longitudinal elevation that gives way to a
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medial channel that is 7.5 mm wide (Figure 4.23-
24). In this region, longitudinal midline struts pro-
vide structural support to a typically robust, differ-
entiated posterior carapace in N. speciosa and are
also seen here (Joyce et al., 2014).

DMNH 2013-07-0570 is a pygal whose broken

edges are shared with c8 anteriorly and p1 laterally
(Figure 4.25-28). Its dorsal surface bulges on each
side of flat-bottomed midline sulcus (Figure 4.25-
26). As described above, the dorsal shell surface is
covered in small, circular uniformly spaced pits.
Two bony protuberances extend from a shared ori-
gin on the anterior ventral surface. Each protrudes
posteriorly and is approximately 5 mm wide (Figure
4.25-26).
Plastron (Figure 5). DMNH 2013-07-0711 is a par-
tial right hyo that is divided into Hu and Pe, with a
short sulcus that separates Im2 at the posterolat-
eral corner of the plate (Figure 5.1-4). A central
plastral fontanelle is absent, as in H. nopscai, but
unlike N. speciosa and Solemys spp. It shares ser-
rated edges with the entoplastron medially, the
epiplastron anteriorly, and the mes posteriorly (Fig-
ure 5.1-2). The Hu-Pe sulcus crosses the bone
transversely on its dorsal surface, and its edges
are flat. The small dorsal surface pits are generally
arranged into rows that are parallel to the midline.
Pits become smaller and shallower laterally, and
the dorsal surface of the carapace is elevated in
concentric terraces near the lateral extent of the
Hu-Pe sulcus, anterior to the axillary buttress (Fig-
ure 5.1-2). Rod-like projections extend medially
and anteriorly from the ventral surface, and a thick-
ened gutter runs along the lateral free edge, reach-
ing 25.7 mm wide. The free margin is acute and
rounded, and most sutural edges are coarsely ser-
rated (Figure 5.1-4). The dorsal surface of the hyo
of this specimen is scored by crocodyliform teeth,
both in bisected and hooked forms on the ventral
surface lateral and also anterior to the axillary but-
tress (Figure 5.1-2) (see Noto et al., 2012). Signifi-
cantly hooked scores may be diagnostic of inertial
feeding behavior, and bisected scores are often
associated with crushed or distorted underlying
bone (Njau and Blumenschine, 2006; D’Amore and
Blumenschine, 2009; Noto et al., 2012).

DMNH 2013-07-0511 is an anterior portion of
the left hyo with Im series immediately posterior to
the axillary buttress (Figure 5.5-8). The plate is
widest proximally and gradually tapers laterally and
ventrally from the midline (Figure 5.5-8). Sulci and
ornamentation cover the shell surface as a dense
web of curved, interwoven channels, which are
interspersed with variable arrangements of small
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FIGURE 5. Plastral elements of Naomichelys sp. Red arrows indicate ventral knob-like processes. DMNH 2013-07-
0711, isolated right hyoplastron and Inframarginal scute 2 in 1-2, ventral, and 3-4, dorsal views. DMNH 2013-07-0511,
a left hyoplastron, in 5-6, ventral, and 7-8, dorsal views. DMNH 2013-07-1717, isolated right xiphiplastron in 9-10,
ventral, and 11-12, dorsal views. DMNH 2013-07-0603, partial mesoplastron in 13-14, ventral, and 15-16, dorsal
views. Red outlines in line drawings indicate edges of taphonomic traces.

pits. The sulcus edges are beveled, elevated, and
distinct from the sculpture pattern. Sulci define the
border between Ma10-11, and between each of
these and Ve4 (Figure 5.5-8). This bone is gener-
ally thick and flat but becomes robust and cylindri-
cal at the midline. It decreases from approximately
15 mm thick medially to 8 mm laterally. Eight rod-
like projections radiate anterolaterally from a thick,
common area along the posteromedial aspect of
the visceral surface (Figure 5.5-6). Each is ~8 mm
wide, and the remainder are each approximately a
third as wide. There is a smooth knob-like process
(~15 mm diameter) near the middle of the element,
among a set of finger-like projections that diverge

from a common point on the internal surface of the
bone (Figure 5.5-6). The process occurs along a
significant decrease in plate thickness that is only
apparent on the visceral surface. There is a similar
process on the visceral surface of a partial meso-
plastron (DMNH 2013-07-0603), and both are
located near buttresses (see Joyce et al., 2014 fig-
ure 8.2). Typically, this area is dominated by
attachment of the lateral portion of the pectoralis
muscle, which varies considerably in extent and
organization among turtles (Zhu, 2011).

DMNH 2013-07-1717 is a subtriangular right
xi with coarsely serrated anterior and medial edges
(Figure 5.9-12). Its thickness increases from 6.3

1
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FIGURE 6. Various conditions of shell bone preservation in Naomichelys sp., with: 1, raised intact tubercles, 2, a
tubercle broken in half along a bone edge, and 3, external bone surface with pattern of missing tubercles, by far the
most common state in the taxon at the AAS. Please note the matrix adhered to the surface, the concentric layers of
bulging parallel-fibred bone, and the continuance of the tubercle into deeper layers of the external cortex.

mm at the midline to 20.9 mm posteriorly and 20.5
mm laterally. Ventral surface pit size decreases
and becomes shallower, forming compact rows
approaching the posterolateral free margin (Figure
5.9). There is a flattened cylindrical gutter that
wraps dorsally around the lateral and posterior free
edges. It becomes thinner in its middle, and its
cross-section is generally compressed and cylindri-
cal. The maximum width of the gutter is 34.7 mm at
the hypo-xi suture, and it is ornamented with a
sculpture similar to that described above (Figure
5.11-12). Otherwise, the remainder of the plate’s
ventral surface is relatively smooth (Figure 5.11).
The Fe-An sulcus crosses the ventral surface of
the xi posterolaterally at approximately 55° from
the midline (Figure 5.9-10). No anal notch or cen-
tral plastral fontanelle is present in the AAS Naomi-
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chelys, unlike N. speciosa (Figure 5.9-12) (Joyce
et al., 2014). The AAS xi has a straighter lateral
edge and is more curved than in N. speciosa
(Joyce et al., 2014). The width of the posterior lobe
of the plastron (DMNH 2013-07-1717) (Figure 5.9-
12) is estimated to be approximately the same size
(304 mm) as N. speciosa (FMNH PR273) (310
mm) (Joyce et al., 2014).

DMNH 2013-07-0603 is a partial mes (Figure
5.13-16). The two pieces form a flat, bony plate
that includes the posterior portion of Im3, and pos-
terior and anterior parts of Im2 and 4, respectively
(Figure 5.14). Narrow wedges of marginal scutes
are located at the broken lateral margin, and the
Pe-Ab sulcus extends medially from Im3. Sulci are
deep, less than 1 mm wide, and have flat bottoms.
The ventral surface has a pattern of small, irregular



elliptical pits which frequently coalesce to form
short serpentine channels (~3 mm long). Faint,
parallel, longitudinal striations form a band along
the anterior margin of the hyo (Figure 5.13). As
described above in the hyoplastron (DMNH 2013-
07-0711), four rod-shaped forms radiate from a
common point on the medial aspect of the dorsal
surface. The plate is fractured transversely through
their origin, approximately between the second and
third projections. The bone immediately around the
origin is 5.7 mm thicker than at the ends (Figure
5.15). The posteriormost projection is approxi-
mately a third the width of the others, and there is
an elliptical, raised knob (~12.5 mm diameter) in
the posterolateral corner of the plate (Figure 5.15-
16). Additionally, Im3 is generally asymmetrical
and hexagonal. Its maximum length is 76.8 mm,
maximum width is 67.3 mm, and it is consistently
~9.2 mm thick.

Remarks. Naomichelys is the only North American
genus of Helochelydridae, a family of large-bodied
stem cryptodires from the Upper Jurassic (Titho-
nian) to Upper Cretaceous (Maastrichtian) of Eur-
america (Hirayama et al., 2000; Anquetin, 2012;
Joyce et al., 2014). Other large stem turtles (includ-
ing O. cunicularius, M. efremovi, and meiolaniids)
evolved alongside crown-group turtles until the
Pleistocene (Hirayama et al., 2000; Joyce, 2007;
Anquetin, 2012; Scheyer et al., 2014). These tur-
tles achieved global distribution during the Meso-
zoic and early Cenozoic, with representatives in
North and South America, Asia, Australia, and
likely Europe (Lapparent de Broin and Murelaga,
1996, 1999; Milner, 2004; Anquetin, 2012; Joyce et
al., 2016b). The extensive range of stem turtles in
North America makes this clade a vital part of turtle
assemblages across Cretaceous North America
(Anquetin, 2012). During the Jurassic and part of
the Lower Cretaceous, North America was part of
the faunal realm that includes Europe, and the
geographic distribution of Helochelydridae over-
laps with that of Paracryptodira (including
Baenoidea) over their entire known history (Gaff-
ney, 1975; Hutchison, 2000; Joyce, 2007; Joyce et
al.,, 2016b). This pattern is confirmed at the AAS,
where we report both a baenid (“T.” maini) and a
helochelydrid (Naomichelys sp.). The helochelydrid
material from the AAS differs most significantly in
the shape and proportions of the xi in the type
material (Joyce et al., 2014). However, a more
detailed description is needed to describe possible
ontogenetic and sexually dimorphic variation
observed between the xi described here and the
type material described in Joyce et al. (2014). If
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sexual dimorphism or ontogenetic variation is
demonstrably ruled out, the material referred to
Naomichelys sp. from the AAS could be consid-
ered for assignment to a new species. However,
the fragmentary nature of the current material and
lack of available comparative material precludes a
new helochelydrid taxon at this time.

Pantrionychidae indet.
Figure 7.1-4

Material. DMNH 2013-07-1304, isolated left nu
(Figure 7.1-4).

Description. Small pantrionychid, indicated by
absent sulci on the carapace, indicating carapace
scutes are absent. DMNH 2013-07-1304 is an
ensiform left partial nu broken near the midline
(Figure 7.1-4). The dorsal ornamentation consists
of a pattern of shallow circular and quadrangular
pits that are typically 0.5-0.7 mm in diameter. Thin
ridges surround each pit, and some adjacent pits
have coalesced. The pits are smaller medially and
anteriorly, and have a narrow gutter along the free
edge of the bone. The posterior edge of the nu is
slightly concave near the midline and may form the
articulation with a preneural as in some trionychids
(Joyce and Lyson, 2017). The ventral surface has
metaplastic ossification obscuring fused cleithral
portions of the nu (Figure 7.1-4; Lyson et al., 2013).
The nu has only a slight bend near the midline,
indicating a generally flat carapace typical of softs-
hell turtles. Nuchal embayment is absent as in
Aspideretoides foveatus, which also shares similar
nu proportions of juveniles or subadults (Gardner
et al.,, 1995; Li et al., 2015; Joyce et al., 2018).
Referral beyond this level requires additional diag-
nostic, verifiably adult material, and may help clar-
ify the evolutionary stem of the clade in North
America.

Remarks. Soft-shelled turtles (Pan-Trionychidae)
have a rich and diverse global fossil record from
the Aptian to the Holocene (Joyce and Lyson,
2017). The systematics of North American fossil tri-
onychids have been studied extensively, but
remain largely unresolved (Webb, 1962; Dalrym-
ple, 1977; Gardner and Russell, 1994; Hutchison
and Holroyd, 2003; Joyce et al., 2004; Vitek and
Joyce, 2015). Aspideretoides is the most com-
monly recognized North American trionychine
genus of the Upper Cretaceous (Brinkman, 2003;
Hutchison and Holroyd, 2003; Vitek and Joyce,
2015). Among fossil and extant trionychid forms,
nu shapes vary extensively between taxa, ranging
from relatively long, narrow, and subtriangular to
short, wide, and lenticular (Gardner and Russell,
1994; Vitek and Joyce, 2015).
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FIGURE 7. Trionychidae indet. DMNH 2013-07-1304, isolated left nu, in 1-2, dorsal, and 3-4, ventral views. Dashed
lines indicate free margins and arrows indicate possible suprascapular fontanelles. DMNH 2013-07-1405, an indeter-
minate bothremydid (cf. Algorachelus) c4 in 5-6, dorsal and 7-8, ventral views. Gray shading indicates damaged sur-

face from likely axillary bridge connection. Please note that the specimens have a 10 mm scale.

The limbs of North American fossil trionychids
are nearly identical in morphology and proportion
to modern species, so it is reasonable to presume
that fossil trionychids were highly aquatic like their
modern relatives (Hay, 1908; Vitek, 2011; Jasinski,
2013; Vitek and Joyce, 2015). All extant species
are either carnivorous or omnivorous (Ernst and
Barbour, 1989). Several fossil trionychid species
have been recovered from near-shore marine
strata, suggesting a limited ability to tolerate
marine conditions (Weems, 1988, 2014; Kasparek,
2001; Vitek and Joyce, 2015). Their first remains in
North America are isolated fragments from the
Albian in Laramidia (Willow Tank and Cedar Moun-
tain Fms) (Ostrom, 1970; Bonde et al., 2008).
Another early North American trionychid was
recovered from high latitude strata from the mid-
Cenomanian Dunvegan Formation in Alberta
(Bhattacharya and Walker, 1991; Brinkman et al.,
2003). A small indeterminate trionychid at the AAS
(Figure 7.1-4) indicates a rapid dispersal of (pre-
sumably stem) trionychids into southern waters of
the WIS and proto-Gulf of Mexico (GOM) coastal
environments. Aside from resolving taxonomic
uncertainty, more trionychid material from the AAS
may allow better understanding of relative paucity
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(as in pleurodiran material) compared with other
cryptodires (Table 1). The AAS trionychid speci-
men is potentially a juvenile, and confirmed smaller
body size or early ontogenetic stage would inform
our assessment as to whether the AAS, as previ-
ously hypothesized, was a reptile nesting site or
nursery in addition to clear indications that it was a
crocodyliform feeding site (Noto et al., 2012).

Most known Cretaceous trionychid species
have nuchals with a width at least four times wider
than they are long (Hay, 1908; Gardner et al.,
1995; Joyce et al., 2009; Vitek and Danilov, 2010;
Vitek, 2012, 2011; Vitek and Joyce, 2015). The
AAS trionychid nu is almost five times wider than
long, and the dorsal texture is a netting of subcircu-
lar shallow pits with concave bottoms (Figure 7.1).
A specific identification is not possible due to the
paucity of material, but the AAS material most
closely resembles Aspideretoides foveatus based
on the general shape and proportions of the nu
(Hay, 1908; Gardner et al., 1995). It is remarkable
that only the single specimen described here is
referable to Trionychidae out of hundreds of fossil
turtle specimens collected from this site (Noto et
al., 2012; Adams et al., 2017). This is perhaps due
to significant competition from other aquatic carniv-
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TABLE 1. Known turtle taxa of the AAS, and their inferred habitat, diet, and first appearance datum (FAD). Inferred
habitat and diet data from Gardner et al. (1995), Kasaparek (2001), Joyce et al. (2014), Joyce and Lyson (2015), and
Joyce et al. (2016a). Asterisks indicate FAD that is revised by the current study.

Taxon Family Inferred habitat Diet North American FAD
“Trinitichelys” Baenidae Freshwater, fluvial or Carnivore (Gaffney, 1972) Aptian (Lipka et al.,
maini sp. nov. riverine, bottom walker 2006)

(Gaffney, 1972)
Naomichelys sp.  Helochelydridae Semi-aquatic, brackish  Generalized opportunistic Aptian (Joyce et al.,

tolerant (Joyce et al.,

2014)

Trionychidae indet. Trionychidae

Tornabene, 2014)

Freshwater fluvial and
lacustrine channels
(Gardner et al., 1995;

omnivore (plants, fungi, insects,
terrestrial snails, grubs in
durophagous material (Joyce et
al., 2011; Foth et al., 2016)

Omnivorous (increased herbivory Albian (Ostrum, 1970;
with age), suction feeder (Ernst  Bonde et al., 2008)
and Barbour, 1989)

2014)

*Latest Cenomanian
(Joyce et al., 2016a)

Generalist, molluscivorous,
piscivorous (Gaffney et al., 2006;
Joyce et al., 2016a)

cf. Algorachelus Bothremydidae Littoral freshwater,
sp. brackish, and marine
(Pérez-Garcia et al.,
2017)
orous freshwater faunas, and/or taphonomic

effects on small fragmentary elements (Ryan et al.,
2001). Also, various small animals are known to
have washed from coastal river deltas into marine
or brackish basins during storms and floods (Joyce
and Gauthier, 2004). Small trionychids are also
known from near-shore marine strata where they
were deposited as part of freshwater overflow onto
brackish or marine waters (Joyce and Gauthier,
2004).

PLEURODIRA Cope, 1865
PELOMEDUSOIDES Broin, 1988
BOTHREMYDIDAE Baur, 1891
cf. Algorachelus sp.
Figure 7.5-8

Material. DMNH 2013-07-1405, isolated left c4
(Figure 7.5-8).
Description. DMNH 2013-07-1405 is a left c4 with
finely serrated margins (Figure 7.5-8). The inter-
pleural sulcus 2-3 follows the contour of the poste-
rior Ic suture on the lateral two thirds of the dorsal
surface. It splits medially to separate PI2, PI3, and
V2. On approximately the lateral two-thirds of the
dorsal surface, the sulcus between PI2-3 follows
the contour of the nearby posterior Ic suture. It
splits to form sulci between PI2, PI3, and V2 (Fig-
ure 7.5-6). The lateral third of the ventral surface is
significantly crumbled, and a gracile rib head
emerges near the center of the medial quarter of
the bone (Figure 7.7-8).

The isolated costal is referred to Pleurodira
based on the texture of its dorsal surface, which
has fine, winding channels, and no pits or protuber-

ances, differing from the other taxa at the AAS
(Table 1). Referred to Bothremydidae by inferred
contact of the inguinal buttress with p5 (Joyce et
al., 2016a). Damage described below on the ven-
tral surface is similar to the pattern of disarticula-
tion described in Algorachelus peregrinus (Pérez-
Garcia et al., 2017: figure 3D). The dorsal texture
is similar to the finely incised, vermiculating stria-
tions described for A. tibert (Joyce et al., 2016a:
figure 4) and the irregular grooves described in A.
peregrinus (Pérez-Garcia et al., 2017: figure 3C;
Pérez-Garcia, 2018). Further, bothremydids are
the only pleurodires known to successfully
disperse from Africa to North America in the Ceno-
manian (Joyce et al., 2016a; Pérez-Garcia et al.,
2017).

Remarks. Bothremydidae was a Gondwanan
clade of side-necked turtles that inhabited a wide
range of shallow waters associated with the His-
panic Corridor, during the fracturing of Pangaea in
the Upper Jurassic (Joyce et al., 2016b; Pérez-
Garcia, 2016, 2018). The genus Algorachelus is
now recognized in the early or middle Cenomanian
in the Middle East (A. parvus), in the Iberian Penin-
sula in the middle to lowermost upper Cenomanian
interval (A. peregrinus), and in North American
Naturita Fm (uppermost Cenomanian) of Utah (A.
tibert) (Joyce et al., 2016a; Pérez-Garcia, 2016;
Pérez-Garcia et al., 2017; Pérez-Garcia, 2018).
Biogeographical and paleoecological implications
for the AAS pleurodiran material are discussed
below. However, the relative paucity of pleurodiran
material is remarkable and unexplained for similar
reasons as the trionychid material.
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Panpleurodires were restricted to Gondwana
until ~100—105 Ma when Africa and South America
began to separate from the rest of Gondwana (e.g.,
Ferriera et al., 2018). Prior to this time, they inhab-
ited primarily freshwater habitats. Pleurodires, both
extinct and modern, are known to utilize the sandy
coastal deposits of bars and channels, which have
subtidal and intertidal events (Pérez-Garcia et al.,
2017; Pérez-Garcia 2018a, b). The opening of the
South Atlantic led to separation of populations,
diversification including adaptations to marine envi-
ronments, and dispersal into North America,
Europe, and North Africa.

Most pleurodires were exclusively freshwater
forms, but the adaptation of some bothremydids to
brackish coastal environments facilitated the dis-
persal of several lineages (e.g., Algorachelus spp.;
Lapparent de Broin and Werner, 1998, Rabi et al.,
2012; Joyce et al.,, 2016a; Pérez-Garcia, 2016;
Pérez-Garcia et al.,, 2017). Considering they
already dominated many equatorial Gondwanan
environments, shallow freshwater or brackish
waters were available in coastal areas surrounding
the Hispanic Corridor. For example, Algorachelus
is by far the most abundant turtle known from fossil
sites at Algora, constituting approximately 90% of
fossil turtles (Pérez-Garcia, 2018a, b). A large
sample of complete shells even allowed for a
detailed study of patterns of disarticulation, and
shell scute variation (see Pérez-Garcia, 2018b).
Disarticulation begins in turtles with separation of
the carapace and the plastron, and the disarticula-
tion of individual costals (DMNH 2013-07-1405)
occurs toward the end of the process (Pérez-
Garcia, 2018b). The bothremydid recovered from
the AAS is part of the earliest dispersal event rec-
ognized for bothremydids of African origin. Prior to
the current study, the genus Algorachelus was pre-
viously known from Laramidia, and the material
presented here comprises the first definitive both-
remydid from Appalachia. Cf. Algorachelus sp. was
part of the earliest dispersal event recognized par-
ticularly for bothremydids from Africa (Pérez-
Garcia, 2018a, b). Bothremydid turtles reached the
Atlantic shores of North America by at least the
middle Cenomanian, the early Gulfian Woodbine
Fm near the mouth of the WIS by the late middle
Cenomanian, and the east coast of Laramidia, fur-
ther into the WIS by the latest Cenomanian (Joyce
et al., 2016a,b; Pérez-Garcia et al., 2017). Algora-
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chelus is the oldest panpleurodiran genus known
from Laramidia, and the oldest North American
panpleurodire known from North America (Joyce et
al., 2016a). A. tibert is the only species known from
Cenomanian deposits in North America and is a
representative of Gondwanan crown pleurodires in
Laurasian deposits (Pérez-Garcia et al., 2017).

RESULTS

Four turtles are reported from the AAS, repre-
senting the clades Baenidae, Helochelydridae, Tri-
onychidae, and Bothremydidae (Table 1). We
conducted a phylogenetic analysis on the AAS
material referred to “Trinitichelys” maini sp. nov.
(Figures 2-3) using the matrix of Joyce and Lyson,
2015, as emended by Lyson et al.,, 2016. Our
resulting coding is displayed in coding below.

Our analysis produced 30 minimum trees of
length 181 (Figure 8). In the 50% majority rule con-
sensus tree, “T.” maini sp. nov. was retrieved in an
unresolved polytomy with the genera Thescelus,
Scabremys, and Hayemys, all of which fall as out-
groups to the Eubaeninae and Palatobaeninae.
This node was supported at 100% bootstrap val-
ues. In our analysis, S. ornata was retrieved as the
sister group to eubaenids and palatobaenids (Fig-
ure 8). Our phylogenetic analysis recovers “T.”
maini sp. nov. as more derived than T. hiatti, but
without the full suite of known baenodd traits, and
completely distinct from the genus Neurankylus.
Though not a baenodd, “T.” maini sp. nov. shares
several of the morphological traits of that clade.
Like H. latifrons, Thescelus spp. (T. rapiens and T.
insiliens), “T.” maini sp. nov. shares the synapo-
morphy of midline contact between Ex posterior to
the Gu (Figures 3, 8). Additionally, the new species
shares primitive plastral traits with H. /atifrons and
Thescelus spp. including a Fe-An sulcus that is rel-
atively straight, unlike the omega shape found in
derived baenids (Figures 3, 8; Joyce and Lyson,
2015; Lyson et al., 2016). Additionally, “T.” maini
sp. nov. does not have the following synapomor-
phies characteristic of Baenodda: reduced or
absent Gu, multiple Ce, prepleural scutes, or a Ve5
that is longer than wide (Figure 2). Significantly, “T.”
maini sp. nov. also lacks the key defining feature of
Baenodda, the contribution of the most posterior
vertebral scute to the margin of the carapace (Fig-
ures 3, 8) (Lyson and Joyce, 2015). Instead, as in
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FIGURE 8. Proposed phylogenetic position of “T.” maini sp. nov. within Paracryptodira from the phylogenetic analysis
performed using characters from Joyce et al. (2016), with Kayentachelys aprix as the outgroup.

Neurankylus spp. and T. hiatti, the posterior mar-
ginals are located between Ve5 and the carapace
margin. The sum of these characters suggests that
“T.” maini sp. nov. is a more derived version of the
type species T. hiatti that displays some, but not all,
of the diagnostic traits of the Baenodda (Gaffney,
1972; Joyce and Lyson, 2015; Lyson et al., 2016).
It is thus interpreted as a transitional form between
early baenids and the highly derived Eubaeninae
and Palatobaeninae.

DISCUSSION

Evolutionary implications of AAS turtles. With a
baseline of known taxa, especially in light of limited
articulated material, isolated fragments fill gaps.
Small or fragmentary fossil specimens are typically
more easily transported hydrologically over signifi-
cant distances, completely disarticulated, and even
preserved in the coprolites of predators (Konuki,
2008; Noto et al., 2012; Schwimmer, 2015; Pérez-
Garcia, 2018b). Several juvenile turtles have been
discovered in apparent association with a large
crocodyliform (Noto et al., 2012; Main, 2013). Addi-
tional taxonomic certainty regarding AAS taxa may

also allow for more nuanced analysis of variation in
morphology or taphonomic processes, as reported
for Algorachelus (Pérez-Garcia, 2018b). Fossil
material previously published from the AAS should
be reviewed to confirm proper taxonomic assign-
ment (e.g., Noto et al., 2012; Main, 2013).
Cenomanian-age deposits are globally
uncommon and littoral/marine forms can obscure
strong intracontinental biogeographic signatures
(Joyce et al., 2016a, b; Pérez-Garcia, 2018a, b).
Deposits at the AAS are constrained within a dis-
tinct layer of dark brown sandy siltstone (>50 cm
thick) overlain by a 30-40 cm thick dark gray layer
of carbonaceous sandy siltstone, which contains
slickensides in its upper portion (Figure 1.3)
(Adams et al., 2017). The turtles of the AAS are
distinct from known Laramidian units of similar age
(e.g. Cedar Mtn., Cloverly, and Dakota Fms) (Table
2). Most rich terrestrial fossil localities in North
America are concentrated during either the Aptian
or Albian of the Lower Cretaceous, or the Campan-
ian and Maastrichtian of the Upper Cretaceous,
leaving an approximately 20 million year interval
during which few fossils are known (Jacobs and
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TABLE 2. Lower Cretaceous and Cenomanian turtle distribution in North America. Texas fossil sites are bold. Taxo-

nomic identifications from published reports only and additional reports may be known.

Stage Laramidia Appalachia
Aptian ?Glyptops pervicax (Cloverly) (Ostrum, 1970) ?Glyptops pervicax (Cloverly) (Ostrum, 1970)
Naomichelys speciosa (Cloverly) (Ostrum, 1970) Naomichelys speciosa (Cloverly) (Ostrum, 1970)
Arundelemys dardeni (Lipka et al., 2006)
Albian Glyptops sp. (Blackleaf, ?Cloverly) (Ostrum, 1970; Glyptops belvedirensis (Kiowa Shale) (Hay, 1908)
Ullmann et al., 2012)
?Glyptops pervicax (Cloverly) (Ostrum, 1970) Glyptops sp. (Antlers?) (Langston, 1974; Thurmond
and Jones, 1981)
Naomichelys speciosa (Cloverly, Cedar Mtn., Willow Naomichelys sp. (Paluxy, Antlers) (Langston, 1974;
Tank) (Ostrum, 1970; Bonde et al., 2008) Thurmond and Jones, 1981)
Baenidae indet. (Willow Tank) (Bonde et al., 2008) Trinitichelys hiatti (Trinity Gr.) (Gaffney, 1972)
Neurankylus wyomingensis (Thermopolis Shale) ?Eucryptodira indet. (Glen Rose) (Cadena, 2015)
(Gaffney, 1972)
Trionychidae indet. (?Willow Tank, Cedar Mtn.) Leyvachelys cipadi (Paluxy, Glen Rose) (Cadena,
(Bhattacharya and Walker, 1991; Brinkman, 2003) 2015)
Trionyx sp. (Cloverly) (Ostrum, 1970) ?Toxochelyidae indet. (Paluxy) (Langston, 1974)
Chelydridae indet. (Blackleaf) (Ullmann et al., 2012)
Cf. Adocus sp. (Willow Tank, ?Blackleaf)
Cenomanian  Trionychidae indet. (Dunvegan) (Bhattacharya and Trionychidae indet. (Woodbine)

Walker, 1991; Brinkman, 2003)
Algorachelus tibert (Naturita) (Joyce et al., 2016a)
Glyptops pervicax (Graneros Shale) (Hay, 1908)

Cf. Algorachelus indet. (Woodbine)

“Trinitichelys” maini sp. nov. (Woodbine)

Dermatemydidae indet. (Nanushuk) (Parrish et al., 1987) Naomichelys sp. (Woodbine)

Chelonioidea indet. (Graneros Shale) (Williston, 1894)

Winkler, 1998; Weishampel et al., 2004; Zanno and
Makovicky, 2013; Noto et al., 2019). The relative
rarity of pleurodiran and trionychid material sug-
gests that invading taxa (one specimen each for
Trionychidae indet. and cf. Algorachelus sp.) may
have had a minimal presence. The AAS turtle
assemblage resembles those of other North Ameri-
can assemblages (e.g., Cloverly, Dakota, Cedar
Mountain Fms), where freshwater aquatic crypto-
diran forms are generally dominant among stem
Testudines (Joyce et al., 2016b; Avrahami et al.,
2018). We report no indication of chelonioid or
deep water marine forms.

Fossil sites in Texas are currently unrivaled in
turtle diversity among Lower and middle Creta-
ceous deposits in North America, especially if the
Aptian/Albian record is considered. Recently
described theropod material from the Mussentuchit
Member of the Cedar Mountain Fm is associated
with an adocid and Helochelydridae indet. and pro-
vided histological thin sections, but few other mor-
phometric details regarding described turtle fossils
(Avrahami et al., 2018).
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Major shell and skull adaptations to aquatic
habitats occurred primarily in the stem of Testu-
dines (Foth et al., 2016). It is important to note that
the relict forms Naomichelys sp. and “T.” maini sp.
nov. persisted since the Upper Jurassic, and fell
outside Testudines (Table 1) (Joyce and Gauthier,
2004; Joyce, 2007, 2017). Apparent vacancies in
paleoecological niches are suggested primarily in
deep water marine and terrestrial herbivorous, nei-
ther of which are typically associated with good
preservation of fossils (Table 1) (Gaffney, 1972;
Joyce et al., 2014; Joyce and Lyson, 2015; Lyson
et al.,, 2016; Pérez-Garcia, 2018). Phylogenetic
analyses have struggled to resolve inferred habitat
preferences of the stem and crown Pantestudines
(Joyce and Gauthier, 2004; Joyce et al., 2004).
Additional fossil material, particularly with definitive
shell-skull associations from key North American
units, may clarify these relationships.

North American turtle distribution in the Early
Cretaceous is similar to that known in dinosaurs,
with a generally homogenous fauna existing and
separating primarily in marine habitats or within
proximity of a reliable source of fresh water, espe-



cially before more sophisticated marine adaptation
in Cretaceous turtles (Weishampel et al., 2004;
Gates et al., 2010; Zanno and Makovicky, 2013;
Brownstein, 2018). “Trinitichelys” maini sp. nov.
and Naomichelys sp. represent endemic Laurasian
lineages that persisted in eastern North America
from the Jurassic (Lyson et. al, 2016; Smith et al.,
2017). Helochelydridae survived into younger Cre-
taceous deposits in western Appalachia and diver-
sified in near-coastal ecosystems of Europe
(Pérez-Garcia et al.,, 2014; Joyce et al.,, 2016b;
Joyce, 2017; Pérez-Garcia, 2018). The co-occur-
rence of a representative of the Baenidae (“T.”
maini sp. nov.) and Helochelydridae (Naomichelys
sp.) is typical in Laurasian assemblages beginning
in the Aptian (Table 2) (Brinkman et al., 2017;
Joyce, 2017).

The unique combination of derived and sym-
plesiomorphic characters in “T.” maini sp. nov. in
comparison to other baenids complicates the inter-
pretation of the evolutionary history of the
Baenodda (Figure 7). It also suggests that while
“T.” maini sp. nov. may be phylogenetically posi-
tioned along the baenodd lineage, it is unlikely to
be ancestral to Baenodda. Tentative referral of
AAS material to the genus Trinitichelys provides
continuity of the baenid lineage into the Upper Cre-
taceous of Appalachia (Table 2). Its occurrence in
the Cenomanian places this evolutionary grade
earlier than previously understood, and the baenid
genus Neurankylus is not known until approxi-
mately 8 million years later in the Santonian (Joyce
and Lyson, 2015).

Similar continuity among older forms in Texas
is also possible with the genus Naomichelys. Per-
haps some of the morphological differences
between the type and AAS materials can be
attributed to evolutionary change during the
approximately 20-million-year interval between
known Lower and Upper Cretaceous helochely-
drids (Noto et al., 2019). Also, a detailed descrip-
tion is needed to describe possible ontogenetic
and sexually dimorphic variation observed
between the xiphiplastron described here and the
type material described in Joyce et al. (2014).
Shell surface anatomy in Naomichelys (Figure
6). The surface sculpture of the genus Naomiche-
lys is distinctive and a primary diagnostic character
differentiating helochelydrid taxa (Joyce et al.,
2014). When intact, the ornamentation typically
consists of distinct, non-coalesced tubercles on the
surface of the cranium, shell, and osteoderms
(Joyce et al., 2011, 2014). Its ornamentation is con-
sidered analogous to that of the European helo-
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chelydrids Helochelydra nopscai from the Aptian/
Albian and Helochelys danubina from the Ceno-
manian (von Meyer, 1855; Scheyer, 2007; Joyce et
al., 2014). Raised pustules have a 0.75-2.0 mm
diameter and are easily dislodged by taphonomic
process from the shell surface due to their height
(Figure 6) (Joyce et al., 2014). Tubercle morphol-
ogy and arrangement varies somewhat in different
regions of the shell, as described for N. speciosa
(Joyce et al., 2014). Tubercles may range from low,
narrow, and closely-spaced to large and widely-
spaced (Figure 4, dorsal views) and are sometimes
fused toward the center of the carapace in
sequences of up to four (Joyce et al., 2014). Well-
defined concave scars remain where the tall, cylin-
drical bodies break at the bases, suggesting a
higher density than the underlying bone (von Nop-
sca, 1928; Joyce et al., 2014). Tubercles are often
at least partially obliterated by complex post-depo-
sitional diagenesis at the AAS, and intact tubercles
are rarely preserved (Figure 6). Thick skin has
been hypothesized to occupy the surface between
the tubercles, and extensive osteoderms are
known in N. speciosa (Joyce et al., 2014). It is also
possible that the scutes replicated the bone sur-
face to create a rough pattern that could be used
as camouflage or perhaps to resist pushing on
unstable substrate (Joyce et al., 2014). Additional
research is ongoing regarding the morphology and
histology of Naomichelys bone from the AAS. In
general, additional studies are exploring the meso-
and microanatomical structure of turtles at the
AAS, particularly seeking to better understand the
periosteal interfaces between fossilized bone and
missing soft tissue.

Turtle paleoecology at the AAS. In light of addi-
tional discoveries of multiple new crocodyliform
and turtle taxa, the association of particular deposi-
tional groupings, specimen clusters, or taphonomic
traits (e.g., tooth size and spacing) may clarify rela-
tionships between taxa and expand our knowledge
of crocodyliform feeding behavior compared with
extant forms (Erickson et al., 2003; Njau and Blu-
menschine, 2006). For example, specimens of
Algorachelus sp. have been discovered associated
with helochelydrid and theropod dinosaurs (Pérez-
Garcia, 2018a, b). More associated fossil material
may also clarify niche partitioning among AAS tur-
tles, similar to the current understanding of Ceno-
manian European strata.

Baenids are known from freshwater fluvial-
lacustrine and estuarine deposits in semi-arid to
humid paleoenvironments (Table 1) (Hirayama et
al., 2000; Joyce and Lyson, 2015). The habitat

19



ADRIAN: ARLINGTON ARCHOSAUR TURTLES

preferences of helochelydrid turtles have been
debated, but terrestriality is clearly indicated by
sedimentological and morphological data (Scheyer,
2007; Vullo et al.,, 2010; Scheyer et al., 2014;
Joyce, 2017). Histological analyses of the highly
derived autapomorphic shell bone microstructures
also indicate terrestrial preference in Helochelydri-
dae (Table 1) (Scheyer, 2007; Scheyer and
Sander, 2007; Scheyer et al., 2014). Generally, tur-
tles increasingly evolved an aquatic habitat prefer-
ence in the stem of Testudines (Foth et al., 2016). It
is important to note that the relict forms Naomiche-
lys sp. and “T.” maini sp. nov. persisted since the
Upper Jurassic, and were outside Testudines
(Table 1) (Joyce and Gauthier, 2004; Joyce, 2007,
2017). Apparent vacancies in paleoecological
niches are suggested primarily in deep water
marine and terrestrial herbivorous habitats, neither
of which are typically associated with good preser-
vation of fossils (Table 1) (Gaffney, 1972; Joyce et
al., 2014; Joyce and Lyson, 2015; Lyson et al.,
2016; Pérez-Garcia, 2018). Phylogenetic analyses
have struggled to resolve inferred habitat prefer-
ences of the stem and crown Pantestudines (Joyce
and Gauthier, 2004; Joyce et al., 2004). Additional
fossil material, particularly with definitive shell-skull
associations from key North American units, may
clarify these relationships.

A complex signal of habitat preference is not
surprising in a turtle known to inhabit brackish
coastlines, alluvial plains, and marshes, which are
generally within a short distance of freshwater, at
least perennially (Stephenson, 1915; Joyce et al.,
2014). Naomichelys is known from brackish depos-
its, as are all other AAS turtles except “T.” maini sp.
nov. The AAS was deposited during an important
interval in turtle evolution, when stem Testudine
groups were developing early adaptations to
marine environments, but prior to the known explo-
sive diversity later in the Cretaceous (Hirayama et
al., 2000; Hutchison, 2000; Joyce et al., 2016b)

However, a semi-aquatic or aquatic habitat
has also been proposed (Lapparent de Broin and
Murelaga, 1999; Marmi et al., 2009; Suarez et al.,
2012). Helochelydridae have been identified in
coastal, fluvial, estuarine, deltaic, and lagoonal
deposits (Table 1) (Hirayama et al., 2000; Rylaars-
dam et al., 2006; Vullo et al., 2010). Turtles living
near shorelines or in swamps may provide a com-
plex or unclear habitat preference because
marshes are typically formed by a patchwork of dry
and submerged land areas (Joyce, 2017). Slicken-
sides, dessication cracks, and clastic dikes are
indicative of a seasonally dry climate (Retallack,
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2001; DiMichele et al., 2006; Adams et al., 2017).
Stem Testudinata are represented at AAS by Nao-
michelys sp. and “T.” maini sp. nov. Crown testudi-
nate turtles (Testudines) are represented by the
crown pleurodiran cf. Algorachelus sp. and a small
basal trionychid. Both of these taxa were likely to
be brackish tolerant (Table 1), and if representative
of adult individuals (thereby fully grown), perhaps
divided littoral habitats and smaller channels.

The AAS contains facies that represent a
freshwater or brackish wetland deposited in a low-
energy, deltaic system, which allowed for organ-
isms to mix across coastal environments, even
postmortem (Noto et al., 2012, 2019). Aquatic tur-
tles, crocodyliforms, and snails at the AAS suggest
that surface water was perennially available, at
least locally near alluvial fans (Table 1) (Stephen-
son and Stenzel, 1952; Dorr, 1985; Noto et al.,
2019). The AAS crocodyliforms currently known
are: Terminonaris cf. T. rubusta (Osborn and
Brown, 1905; Adams et al., 2011); Woodbinesu-
chus byersmauricei (Lee, 1997), Deltasuchus
motherali (Adams et al., 2017), and Scolomastax
sahlsteini (Noto et al., 2019).

Of the taxa in the AAS turtle assemblage
(Table 1), cf. Algorachelus sp. was likely the most
adapted to intrusion of salt water, however, its
small body size and lack of powerful swimming
adaptation likely made it unsuited for open marine
conditions (Joyce et al., 2016a, b; Pérez-Garcia et
al., 2017). The congeneric A. peregrinus is known
from coastal deposits in Europe, and A. tibert
inhabited brackish environments along the east
coast of Laramidia (Joyce et al., 2016a; Pérez-
Garcia et al., 2017; Pérez-Garcia, 2018). The
Woodbine Fm (Figure 1) is composed primarily of
sand, shale, and silty sediments (Johnson, 1974),
which suggests an interface between active chan-
nels and channel margins (siltstone-mudstone)
(Figure 1.3) (Hutchison and Archibald, 1986). In
summary, the turtles at the AAS apparently divided
primarily freshwater aquatic systems between riv-
erine and fresh water channels that originated from
springs and upland drainages from the Ouachita
Mountains to the north (Stephenson, 1915; Noto et
al., 2019). A high abundance of terrestrial palyno-
morphs (primarily ferns), rare dinoflagellates and
the absence of foraminifera indicate a fluvial depo-
sition with minor marine input; fragmentary remains
of elasmobranchs and osteichythyans representing
individuals a meter or more in length suggest the
nearby presence of deeper water; invertebrate
remains consist mainly of gastropods, and contain
a mixture of freshwater and brackish groups.



Early angiosperm evolution in North America.
Coastal beaches and estuaries form vital sanctuar-
ies for reptile nests and nurseries, though it should
be noted that most of our understanding of turtle
taphonomy is based on only a few individuals, and
their preservation is favored by larger body size,
shell thickness, and common co-ossification and
expansion of midline scutes that cross sutures (i.e.,
baenids) (Joyce and Lyson, 2015). Life-history
strategies of the highly aquatic taxa represented at
the AAS were influenced by local environmental
conditions, natural streamflow patterns, rates of
deposition, and disturbance events such as flood
pulses (Tornabene, 2014). Juvenile marine turtles
are also known to transition to life in the open sea
among accumulations of land debris and floating
crinoids (Everhart, 2017; Konuki, 2008).

The Early Cretaceous of North America, par-
ticularly in the proto-GOM, is known to have a
diverse range of terrestrial and aquatic floras, and
the maijority of basal turtle taxa were primarily car-
nivorous (Foth et al., 2016). Freshwater and
marine grasses were known from Early Cretaceous
deposits, and it is known that modern turtles (as
well as epiphytes, invertebrates, and fishes) utilize
aquatic angiosperms and macroalgae as forage,
protection, and nutrient recycling (Hearne et al,,
2019). Aquatic angiosperms (e.g., Montsechia) are
perhaps basal to all other angiosperms, and have
been recently recognized as important components
of early submerged and shoreline ecosystems
(Barendse and Scheffer, 2009; Gomez et al., 2015;
Jud et al., 2018; Wang and Dilcher, 2018). Organic
accumulations in coastal environments may have
also provided ample fuel for frequent wildfires
(Main, 2005; Brown et al., 2012).

Many of the floral samples reported by Main
(2013) were useful while conducting the current
analysis: broad, lenticular mats of featureless car-
bonized plant remains as much as 4 cm thick, com-
pressed but well-preserved carbonized tree
sections 15-20 cm wide, and smaller fragments of
permineralized wood. Earlier work in the Gulfian
region has noted the presence of fossilized wood
(Mudge, 1877; Williston, 1894; Everhart, 2017).
The AAS preserves similar charcoal-bearing hori-
zons, including clastic debris flows, in situ burned
root systems, and abundant small charcoal frag-
ments (Main et al., 2010; Adams et al., 2017; Noto
et al., 2019). Carbonized plant matter is commonly
associated with vertebrate fossils resulting from
frequent, widespread fires that characterized ter-
restrial sedimentary systems globally from the
Valanginian throughout the Upper Cretaceous
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(Main, 2005; Brown et al., 2012). A study of an
assemblage of AAS leaves could also be com-
pared with fossil flora known from the Dakota Fm,
providing insight into the early diversification of
angiosperms and its effect on the evolution of her-
bivory in reptiles (Wang and Dilcher, 2018).
Taphonomy and Integrative Paleobiology at the
AAS. Paleoecological hypotheses combining the
most recent contributions from different faunal
groups are somewhat inseparable from tapho-
nomic analyses (Noto et al., 2019). Revisiting of
collections of Woodbine Fm fossils is necessary to
improve taxonomic accuracy, sample size, and
diagnoses. Large volumes of Woodbine Fm fossil
material from various vertebrate, invertebrate, and
floral groups have long sat in museum collections.
We hope that this contribution spurs the future
description, analysis, and integration of available
fossil material.

Descriptions and biogeographical analyses
allow a more complete understanding of the com-
plex ecosystems of the ancient coasts of the proto-
GOM. A biogeographic profile of southern Appala-
chia is taking shape, and it is distinct from contem-
poraneous deposits in Laramidia (Avrahami et al.,
2018; Brownstein, 2018; Noto et al., 2019). Much
of the difference regards geography of the North
American interior, which differed drastically from
the modern Great Plains (Figure 1.3). The proxim-
ity of the AAS to the mouth of the WIS is reflected
in a grouping of largely brackish tolerant channel
occupants who were simultaneously effective pred-
ators and frequently predated. The turtle compo-
nent of the AAS is, broadly speaking: (i) more
aquatic than terrestrial, (ii) minimally adapted to
marine environments, (iii) small to medium in size
(~30-60 cm), and (iv) more carnivorous than her-
bivorous (Table 1).

Future taphonomic studies are also now pos-
sible with more accurate turtle taxonomy. Addition-
ally, geochemical analyses of sediments from the
AAS could provide insight into particular layers and
the water conditions under which they were depos-
ited. Most of the AAS material is quite fragmentary,
but the bone is usually not degraded and could be
of value in a sedimentological study. In particular,
pervasive black dust impregnates the matrix
embedding the fossil including the interior cavities
of cancellous bone. At the AAS, organic preserva-
tion was enhanced by a locally high water table,
which promoted anoxic and reducing conditions
(Noto et al., 2012). There may also be diagenetic
degradation of the cancellous bone or a thin crust
of fine particulate found on covered specimens,
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likely precluding simply dust (Figure 6.2). Addi-
tional work should be conducted on charcoal inclu-
sions that are associated with fossils of Facies A
(see Brown et al., 2012 and fire horizons in Main et
al., 2013).
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